Objective: Risk stratification allows preoperative assessment of cardiac surgical risk faced by individual patients and permits retrospective analysis of postoperative complications in the intensive care unit (ICU). The aim of this single-center study was to investigate the prediction of extended ICU stay after cardiac surgery using both the additive and logistic model of the European System for Cardiac Operative Risk Evaluation (EuroSCORE). Methods: A retrospective observational study was conducted. We collected clinical data of 1562 consecutive patients undergoing cardiac surgery over a 2-year period at the Antwerp University Hospital, Belgium. EuroSCORE values of all patients were obtained. The outcome measure was the duration of ICU stay in days. The predictive performance of EuroSCORE was analyzed by the discriminatory power of a receiver operating characteristic (ROC) curve. Each EuroSCORE value was used as a theoretical cut-off point to predict duration of ICU stay. Three subsequent ICU stays were defined as prolonged: more than 2, 5 and 7 days. ROC curves were constructed for both the additive and logistic model. Results: Patients had a median ICU stay of 2 days and a mean ICU stay of 5.5 days. Median additive EuroSCORE was 5 (range, 0-22) and logistic EuroSCORE was 3.94% (range, 0.00-87.00). In the additive EuroSCORE model, a predictive value of 0.76 for an ICU stay of >7 days, 0.72 for >5 days and 0.67 for >2 days was found. The logistic EuroSCORE model yielded an area under the ROC curve of 0.77, 0.75 and 0.68 for each ICU length of stay, respectively. Conclusions: In our patient database, prolonged length of stay in the ICU correlated positively with EuroSCORE. The logistic model was more discriminatory than the additive in tracing extended ICU stay. The overall predictive performance of EuroSCORE is acceptable and most likely based on the presence of variables that are risk factors for both mortality and extended ICU stay. Hence, EuroSCORE is a useful predicting tool and provides both surgeons and intensivists with a good estimate of patient risk in terms of ICU stay. #
Introduction
Despite the magnitude of heart surgery and multiple determinants of its outcome, swift discharge from the intensive care unit (ICU) is expected after these operations. Scoring systems have therefore become essential tools in the performance analysis of surgical risk. One of the more established predictive models is the European System for Cardiac Operative Risk Evaluation (EuroSCORE): a simple, objective and well-validated risk scoring algorithm for assessing early mortality in cardiac surgery. This predictive model is based on one of the largest, most complete and accurate databases from 128 surgical centers in eight European countries [1, 2] . Patient-, cardiac and operationrelated risk variables are obtained with weights assigned to each factor. Two models of EuroSCORE have been widely used: a simple, user-friendly additive model and a more sophisticated logistic model. The purpose of this research was to investigate the predictive performance of EuroSCORE (both additive and logistic) for intensive care length of stay. We theorized that higher EuroSCORE values would not only result in increased 30-day in-hospital mortality but would also be associated with increased postoperative morbidity and therefore longer durations of ICU stay following cardiac surgery.
Materials and methods

Patient population
We retrospectively analyzed the records of 1562 consecutive patients who underwent cardiac surgery at the Antwerp University Hospital over a period of 2 years from January 1, 2005, through December 31, 2006. All types of cardiac surgical interventions were included in the analyses. Patient clinical and demographic characteristics as well as preoperative variables were abstracted including all of the EuroSCORE risk factors. Patients who needed a second operation during the study period were retained and such cases were entered in the analyses with their new Euro-SCORE. The outcome measure in the study was the duration of stay in the ICU in days.
Statistical analysis
The predictive performance of the EuroSCORE was analyzed by the discriminatory power of a receiver operating characteristic (ROC) curve [3] [4] [5] . The discriminatory power refers to the ability of a model to distinguish the value 0 from the value 1 of the dependent variable, that is, the ability of the EuroSCORE to distinguish patients who had extended ICU stays from those who had not. Each EuroSCORE value was used as a theoretical cut-off point to predict duration of ICU stay. Three subsequent ICU stays were defined as prolonged: more than 2, 5 and 7 days (1 day equals 24 h of ICU stay). ROC curves were constructed for both the additive and logistic EuroSCORE.
The area under the ROC curve is referred to as the Cstatistic and is a measure of the discriminatory power of the prediction test. C-statistic values of more than 0.80 indicate excellent discrimination. Very good discriminatory power refers to a value of more than 0.75 and good if more than 0.70. A value of 0.5 indicates random predictions. The area under the curves of the additive and logistic model was compared with the Hanley-McNeil test [5] . Our data were analyzed using the Statistical Package for the Social Sciences (SPSS) 16.0 software.
Results
Demographic and clinical data
A total of 1578 cardiac surgical procedures were performed on 1562 patients during the study period. Some patients underwent two, three, four or more procedures. Patients' EuroSCORE variables and cardiac surgical interventions are listed in Table 1 . Median additive EuroSCORE was 5 (range, 0-22) and that of the logistic EuroSCORE was 3.94% (range, 0.00-87.07).
The distribution of ICU length of stay following cardiac surgery is shown in Fig. 1 . Patients had a median ICU stay of 2 days and a mean ICU stay of 5.5 days (range, 1-265). Table 2 details the mean duration of ICU stay according to ascending cohorts of EuroSCORE.
Fifty-seven percent (n = 895) required admission to the ICU for less than 48 h, 33% (n = 520) presented with a moderately prolonged stay between 2 and 7 days and 10% (n = 163) required extended intensive care monitoring for more than 1 week. Comparison of individual EuroSCORE variables across groups is demonstrated in Table 3 .
Predictive performance of EuroSCORE
ROC curves are plotted for the additive and logistic EuroSCORE in Fig. 2 . Table 4 lists the C-statistic values with their respective confidence intervals. Using the HanleyMcNeil test for all AUCs, all compared areas were significantly different ( p < 0.05). The logistic EuroSCORE was more discriminatory than the additive in tracing prolonged ICU stay, regardless of ICU stay definition Table 1 Demographic and clinical data of the patients (n = 1562).
n % ( p < 0.001). The highest C-statistic with an area under the ROC curve of 0.77 was observed in patients with an ICU length of stay of more than 7 days, resulting in a very good discriminative ability of the logistic EuroSCORE. We also note that the higher the cut-off of prolonged ICU stay is set, the better the predictive performance of EuroSCORE becomes. 
Discussion
A long list of risk models in cardiac surgery is available. These include the EuroSCORE [1, 2] , the Parsonnet score, the American Society of Thoracic Surgeons risk program, the Ontario Province risk score, the Cleveland Clinic score, the American Heart Association (AHA) model, the UK Society of Cardiothoracic Surgeons risk algorithm, the Higgins score, the French score, the Acute Physiology and Chronic Health Evaluation (APACHE) and the Edinburgh Cardiac Surgery Score survival prediction [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . Most of these risk scoring algorithms focus on the assessment of mortality. This study discloses a relationship between EuroSCORE and the duration of ICU stay following cardiac surgery. Our results emphasize that higher EuroSCORE values do correlate with increased duration of ICU stay (Table 2) .
A very good predictive performance of both additive and logistic EuroSCORE was observed in the category ICU stay >7 days. In the group of ICU stay >5 days similar results were yielded for the logistic model. To our knowledge, this is the first study that provides insight on the predictive ability of the logistic EuroSCORE in relation to ICU stay. A previous report by Nilsson et al. commented on the predictive performance of the additive EuroSCORE [16] . The authors found for an ICU stay of more than 2 days an area under the ROC curve of 0.78. Our analyses showed less encouraging results for the additive EuroSCORE using the same duration of ICU stay. Our data generated a C-statistic value of 0.67 indicating poor discriminatory power for the additive Euro-SCORE for an ICU stay >2 days (Fig. 2) . In other words, the shorter the ICU stay cut-off is set, the poorer the discriminatory power of EuroSCORE turns out to be.
EuroSCORE was developed for early mortality prediction but many workers have found it useful for the prediction of other variables (complications, long-term survival, quality of life and others). However, many authors make use of only the additive model in their assessment [17, 18] . In our study, we have found that in every risk category of ICU stay the logistic EuroSCORE provides better prediction than the additive model. This finding suggests that although the calculation of the logistic model is more complicated than the additive model, it should nonetheless be assessed in clinical practice and in other medical research studies.
In addition, better performance of the logistic versus additive EuroSCORE has also been observed in the prediction of 30-day in-hospital mortality. An underestimation of operative risk in some very high risk groups was noted in several studies. Therefore, the more sophisticated logistic model was introduced for cardiologist and cardiac surgeons along with an (additive and logistic) risk calculator that can be used or downloaded from a website (http://www.euroscore.org).
The predictive value of EuroSCORE is most likely based on the presence of variables that are risk factors for both mortality and extended ICU stay. From our findings detailed in Table 3 , it appeared that patients requiring prolonged ICU admission tended to have proportionally more preoperative unstable angina ( p < 0.001), left ventricular dysfunction ( p < 0.04), pulmonary hypertension ( p < 0.001) and extracardiac arteriopathy ( p < 0.006). Previous cardiac surgery ( p < 0.05) and emergency operations ( p < 0.05) also contributed to extended ICU stays.
Other risk factors not included in the EuroSCORE have been investigated in recent studies. Hypertension, atrial fibrillation, smoking, increased body mass index, diabetes, and hypercholesterolemia have proven to be strong predictors of ICU stay following cardiac surgery [19, 20] . Nevertheless, none of these variables are listed in the EuroSCORE. This suggests that the prediction of morbidity does not necessarily rely on the same predictors of 30-day inhospital mortality. However, it is well established that risk scores cannot take in all potentially relevant risk factors, since this would not preserve the simplicity and userfriendliness of the algorithm in clinical practice.
Predicting extended ICU stay following heart surgery is essential. The risks and benefits of surgical intervention can be weighed objectively using a predictive risk model. Better communication with patients and relatives can thus be provided. Our findings suggest that the EuroSCORE model surely proves to be a useful tool for the prediction of prolonged ICU stay. Nonetheless, the predictive performance is not 100%. Therefore, the development of a more accurate risk model for the prediction of ICU stay after heart surgery is still needed.
The limitations of our study should also be addressed. The retrospective nature of our research means that we cannot be sure that some uncontrolled factors have influenced the results we have observed. However, the wide range of variables used, including baseline clinical and patient assessments, and a large cohort provides a degree of security in the absence of a prospective design. For study purposes ICU length of stay after cardiac surgery was defined as a dichotomous variable. ROC curve analysis is largely built on the assumption that the outcome results are dichotomous. Nonetheless, more research is needed to evaluate the prediction of ICU stay following heart surgery as a continuous variable.
In conclusion, our findings have shown that preoperative risk variables of extended ICU stay after cardiac surgery and mortality are comparable; however, differences in the 
